By using optical microscope and scanning electron microscope to observe the morphology in as-cast AZ81 magnesium alloy with the addition of CaO (0.1wt.%, 0.5wt.%, 0.9wt.%). Analysis the alloy phase by X-ray diffraction, test the mechanical properties of the alloy by using of the sophisticated electronic universal tensile testing machine. The study found that: the alloy is mainly composed of α-Mg matrix and Mg17Al12 phase, trace CaO interacted with Mg and Al in the alloy interacted generated a new phase Al2Ca and Mg2Ca, the addition of CaO improved the microstructure of cast AZ81 magnesium alloy, reduced the reunion of Mg17Al12 on grain boundary and had some effects on the refinement of alloy grain, improved the mechanical properties of AZ81 magnesium alloy. When the CaO content is 0.5%, the tensile strength of as-cast AZ81 magnesium alloy at room temperature is 173 MPa which is increased by about 9.8% compared to the tensile strength of AZ81's 142 MPa at room temperature.
Introduction
Mg-Al alloy is currently one of the most widely used magnesium alloy system. Mg17Al12 phase is discontinuous precipitation in magnesium alloy grain boundary, and the phase is a software phase under high-temperature prone to soften, reducing the mechanical properties of magnesium alloys at high temperature, adding alloy elements can be and Al atom to form a compound, reduce the Mg17Al12 phase, reduce the temperature of grain boundary sliding and crystal slip [1, 2] . Alloying is optimized for magnesium alloy microstructure and properties of effective method, in which rare earth is the most commonly used alloying elements, however rare earth prices more expensive, So that the application of rare earth magnesium alloy in automobile manufacturing, telecommunications and other civil industries is limited [3] . Therefore, by adding an inexpensive alloying elements to improve properties of this alloy has become one of the important directions of research on magnesium alloy and alkaline earth elements Ca prices low, in magnesium alloy not only has good flame retardant effect, but also refines the microstructure of the alloy, forming sheet metal Al2Ca compound and (Mg, Al)2Ca and improve magnesium alloy at room temperature and high temperature properties [4] . However, because Ca is more active, usually in the form of intermediate alloy to join, thereby enhancing the cost of the alloy. In recent years, scholars tried to replace Ca by CaO, added to the magnesium alloy and to explore more low cost to improve the performance of magnesium alloys, the study found that CaO has the advantages of low price, easy storage and add, with good research and application potential [5] [6] [7] [8] . In this paper, the microstructure and properties of as cast AZ81 magnesium alloy were studied by using the as cast AZ81 magnesium alloy as the matrix and the trace amount of CaO.
Experimental
The raw materials used in this study were pure Mg, pure Al, pure Zn and CaO powder. Alloy smelting with CO2+SF6(volume fraction of 100:1) electromagnetic induction furnace under the protection of the mixed gas, the electromagnetic induction furnace rated power of 40kW. Model: ZGJL-0.01-40-4, smelting process is first pure Mg ingots and pure Al ingot into a corundum crucible, alloy to be completely after melting, and then zinc particles and CaO powder into molten metal, at 730℃ for heat preservation 5min, then poured directly to the metal mould, obtain the required alloy, the melting of the alloy composition see Tab. 1. The grain size and microstructure of the alloy were observed and analyzed by Olympus-PMG3 optical microscope and JSW-5610LV scanning electron microscope. The phase analysis of the alloy was carried out by D8 ADVANCE X-ray diffraction, and the scanning speed was 2 degrees /min. Mechanical properties of alloy were tested using an AG-I 250KN universal precision electronic tensile testing machine, tensile rate is 1mm/min. Fig. 1 is X-ray diffraction patterns for as cast experimental alloys. Fig. 1 shows that alloy is mainly composed of α-Mg matrix and Mg17Al12 phase composition, CaO join in the AZ81 magnesium alloy formed new phase Al2Ca and Mg2Ca, and the addition of CaO, α-Mg matrix and Mg17Al12 phase peaks in the diffraction intensity weakened, which is due to CaO added with alloy of Mg and Al elements occur reaction in forming a new phase, reducing the Mg17Al12 phase distribution in the matrix.
Results and Analysis
According to Fig. 1 XRD results , in the process of melting alloy CaO Mg and Al elements react and generate Al2Ca and Mg2Ca intermetallic compounds. These are mainly enriched at the grain boundary or compound in Mg17Al12. The analysis of the formation of Al2Ca and Mg2Ca phases is due to the following chemical reactions, such as formula (1), (2), (3) [5, 8] .
Mg+CaO=Ca+MgO
(1)
Mg+2Al(l)+CaO=Al2Ca+MgO (3) Figure 1 . XRD pattern of as-cast alloys. Fig. 2 is microstructure of the experimental alloys in the as cast state. Visible from Fig. 2(a) , cast AZ81 magnesium alloy microstructure is mainly composed of α-Mg matrix and discontinuous distribution in grain boundary of divorced eutectic Mg17Al12 composition, and Mg17Al12 phase in the intergranular and intergranular reunion more serious; Visible from Fig. 2(b) , (c) and (d), add a trace of CaO cast AZ81 magnesium alloy microstructure of AZ81 magnesium alloy compared to the alloy grain boundaries more clear and smooth, and the distribution in the divorced eutectic Mg17Al12 phase decrease, agglomeration to reduce the grain has been refined. The addition of micro CaO reduced the aggregation of Mg17Al12 phase in AZ81 magnesium alloy and the grain size of the alloy was refined. In order to see more clearly the microstructure of alloy in eutectic phases, were observed on the cast microstructure of the alloy by scanning electron microscopy, as shown in Fig. 3 . The different composition of the alloy grain boundaries is a typical lamellar Mg17Al12 phase, Mg17Al12 phase at grain boundary discontinuous precipitation, the formation of lamellar, and the alloy is brittle and deterioration of the properties of the alloy, and the Mg17Al12 is a software, very prone to softening at high temperature, which makes magnesium alloy under high temperature tensile strength and creep properties of alloy elements into the poor, can form compounds with Al atoms, reducing the number of Mg17Al12 and its distribution phase, reducing the grain boundary slip and high temperature in slip. Tab. 2 is experimental results of mechanical properties of as cast magnesium alloy. From Tab. 2, adding trace amounts of CaO can improve the mechanical properties of cast AZ81 magnesium alloy at room temperature, when CaO dosage is 0.1%, cast AZ81 magnesium alloy at room temperature tensile strength for 156 MPa, and AZ81 room temperature tensile strength of 142 MPa compared with an increase of 9.8%. When CaO dosage was 0.5% and 0.9%, tensile strength of the alloy at room temperature were higher than the tensile strength of AZ81-0.1CaO alloy, when the amount of CaO is 0.5%, the maximum tensile strength of AZ81 magnesium alloy was reached. Microstructure decided the mechanical properties of the material, Fig. 2 and Fig. 3 show that, adding trace CaO powder and alloy elements reaction generated Al2Ca and Mg2Ca intermetallic compound dispersed in the grains and grain boundaries and obstacles and screw dislocations slip and to improve the mechanical properties of magnesium alloy by dispersion strengthening.
Conclusions
(1) Addition of trace amounts of CaO powder and Mg and Al elements in the alloys react to form Al2Ca and Mg2Ca intermetallic compounds, the as cast microstructure of AZ81 magnesium alloy was improved and reduce the lamellar Mg17Al12 phase in the agglomeration of grain boundary, also on the alloy grain also has been refined. Using CaO powder instead of Ca as additive is added to magnesium alloy has certain feasibility. (2) Adding trace CaO powder can improve the room temperature mechanical properties of as cast AZ81 magnesium alloy and the maximum tensile strength of the AZ81-0.5CaO magnesium alloy for 173 MPa, 124 MPa yield strength and prolong rate is 1.81%.
